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Abstract: A new type air heater was developed, and an 
experimental set-up was built to analyze its 
characteristics. Within the Reynolds number from 2000 
to 15000, the integrated characteristics in air heater 
channels with and without holed baffles have been 
studied experimentally. The experimental results show 
that the average Nu number increases greatly but the 
friction factor increases only slightly with the Re 
number. The Webb performance evaluation criterion has 
been adopted for analysis purposes. It is found that the 
integrated characteristics of heat transfer and flow 
friction increase with the hole's diameter at the same 
hole density (which is equal to the ratio of the hole's 
total area to the baffle’s area), and the heat transfer rate 
increases with the hole density at the same hole diameter. 
The C type baffle has the best performance at the same 
heat transfer surface area and fan power consumption; 
its heat transfer rate improves about 44 to 69 percent. 
Key words: holed baffle, integrated characteristics, heat 
transfer, air flow  
 
1 INTRODUCTION 
The heat transfer enhancement technique has 
been widely used in the fields of air conditioning, 
refrigeration systems, petroleum and chemical 
industries, energy, electronic devices, aviation and so 
on. Augmentation techniques usually employ baffles 
attached to the heated surfaces in the rectangular 
channel so as to provide an additional surface area for 
heat transfer and to improve the mixing process. In 
recent years, many researchers about augmentation 
techniques employ baffles focus on two aspects: 1) 
change the baffle size and position[1~9].2) holed baffles, 
which allow a part of fluid to pass through the holes 
and hence the hot zone and form drag are reduced. At 
the same time, the mixing behind baffles can be 
increased. The studies have also shown that the holed 
baffle enhance the heat transfer rate with lower 
pressure loss penalty. Berner et al[1] experimentally 
investigated the main features of the flow over baffles 
and the influence about flow over baffles of different 
heights. Patankar et al[2] studied the heat transfer 
enhancement characteristics in a rectangular channel 
with staggered baffles, Habib et al[4] and Yilmaz et 
al[7] showed the increase in the pressure loss is much 
higher than the increase in the heat transfer 
coefficient, and confirms the results of Kelkar and 
Patankar and Webb and Ramadhyani[5~6]. Lopez et al[8] 
reported the heat transfer and flow characteristics in a 
channel with baffles by the numerical calculation 
method. Rajendra Karwa et al[9] demonstrated the 
flow and heat transfer performance in a channel with 
holed baffle, and present the friction factor have a 
clear reduction at the same heat transfer compared 
with the normal baffle. Dutta et al [10~12] studied 
experimentally the heat transfer characteristics in a 
rectangular channel with inclined perforated baffles.  
On the basis of the previous works, in this paper, 
the air flow and heat transfer behavior of a new type 
air heater, which is constructed by a rectangular duct 
with some staggered low holed density baffles, was 
studied and analyzed systematically.  
 
2 EXPERIMENTAL APPARATUS 
A schematic view of the experimental system is 
shown in Fig.1. The experimental apparatus mainly 
includes several sections: inlet section, inlet steady 
section, test section, outlet steady section and outlet 
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section. The test section is a rectangular wind tunnel, 
and it is made of two 10mm aluminum plates(up and 
base position) and two 15mm adiabatic plates(both 
sides). The electric heating films are laid on the 
outside surface of the top and bottom aluminum 
plates. The electric voltage and current across the 
heater is kept constant. In this experiment, air 
flow-rate can be changed by adjusting the manual 
valve. The main measurement parameters include 
inlet and outlet bulk air temperature, plate 
temperature distribution, pressure drop through the 
heater, air flow rate and the voltage and current.  
The thermocouples are mounted on the outer 
surface of the up and bottom wall of the test 
section(Fig.2), The temperature readings from 
thermocouples are all recorded after reaching steady 
state by using a computer-controlled data acquisition 
system. Air flow rate is measured by the rotor 
flow-meter. 
Fig.  1 Schematic diagram of the experiment 
T ble 1 The holed baffle geometric parameters 
le 1 shows the holed baffles geometric 
para
 
Fig.  2 
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3 .DATA REDUCTION 
ber is defined as: 
 
a
  
Tab
meters in this study. Three kinds of holed 
baffles(B,C and D type) and the normal baffles(A 
type, without any hole) are designed to study the 
characteristic of air heater. The holes in the baffle are 
arranged parallel shown in the Fig.3. All readings are 
noted under steady-state condition, which is assumed 
to have been obtained when the temperature doesn’t 
deviate over a 5-min periods, and the air temperature  
is controlled at the range of 283~323K. 
 
thermocouples position   
 
 
 
 
 
Schematic diagram of the thermoc
Fig.  3 Holes arrangement in the baffles 
 
 
 
 
 
 
 
 
The flow Reynolds num
μ
ρ du ⋅⋅ e＝Re                (1) 
Where ρ is the fluid density, μ is the fluid 
viscosity, and u is the wind average velocity and de 
is the channel hydraulic diameter. 
HW
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W is the channel width, H is t . 
The friction factor is calc
he channel height
ulated from the 
press  
fricti
ure drop across the flow channel using Darcy
on factor equation. 
 2
2dpf ⋅
uL
e
⋅⋅
⋅Δ= ρ .            (2) 
Where is the pressure drop a
chan heat
pΔ  cross the 
nel (the ed test section) and L  is the length 
ed t tion. 
Due to the good insulation of t  channel, it is
found by measurement t
of the heat est sec
he  
hat the heat losses to the 
surrounding is less than 5% of the whole heating. So, 
it is logically to suppose that the heat released by 
electric heating films is carried out completely by air 
through heat conduction and heat convection modes. 
The heat flux q  is calculated as AQq 2= , and 
UIQ •=  
Where A  r presents the surface a e top e rea of th
and bottom nd  walls, a I  and are the current and 
volta ed
an
f
U
ge appli  across the heater respectively. 
The average heat tr sfer coefficient is evaluated 
rom the following equation: 
        
fw TT
q
−=α                 (3) 
Where  is the average wall average 
temp
rag nel 
 is defined as ： 
wT
erature, is the bulk temperature of air.  
The ave e Nusselt number of the chan
Nu
fT  
        λ
α edNu =               （4） 
Where λ  is al conductivity of air. the therm
 
4 RE S 
For confirm the experiment system, 
 preceded by 
data 
The friction factor results are compared with the 
correlation for a smooth rectangular d
Blasi
The standard devi
experimental results for the p
and 
number wi lds number for different holed 
dens
SULT AND DISCUSSION 
experimentation on the baffled duct is
collection on smooth duct, and the friction factor 
and the Nusselt number are determined for the 
smooth channel and compared with the literature 
values. The average Nusselt number for the smooth 
surface(without baffle) is compared with the 
correlation for a smooth rectangular duct given 
Yilmaz [7]: 
333.0706.0 PrRe0919.0 ⋅⋅=Nu         (5) 
uct given by 
us: 
25.0Re316.0 −⋅=f                  (6) 
ation between the 
resent smooth channel 
correlations in the literature has been found to be 
under the limits of ±10%. These results ensure the 
accuracy of the data collected with the present 
experimental setup. 
Fig.  4 Average Nusselt number vs. Reynolds 
number 
Fig. 4 shows the variation of the average Nusselt 
th Reyno
ity. It is found that in most cases the baffle with 
holes will improve the heat transfer coefficient 
efficiently, and the Nusselt number for all values of 
the holed density increases with Reynolds 
number.With the increase of Re, the Nu almost 
increases linearly. In this study, the heat transfer 
coefficients of holed baffles are all higher than the 
normal baffles, the difference about the behaviour of 
the normal and holed baffles can be attributed to the 
different flow structures, when flow over the baffles, 
the holed baffle allows a part of the fluid pass 
through the holes and hence the hot zone and form 
drag are reduced. At the same time, the mixing 
behind baffles can be increased, and the laminar 
boundary layer thickness will become thin. All those 
lead to heat transfer enhancement. For C and D 
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baffles, which have same hole density, the heat 
transfer effect of C is better than that of D. For B and 
D baffles, which have the same hole diameter, the 
heat transfer effect of B(hole density is small) is 
much better than D. These can contribute to the 
virtual surface of the heat transfer of B# more than 
that of D#. Over the range of the Reynolds number 
studied, the heat transfer performance of C# is the 
best one, and its Nusselt number is 1.41~1.58 times 
than that for normal baffle channel. When the 
Reynolds number is equal to 10000, at least its 
Nusselt number can increase 50 percent.  
 
Fig.  5 Friction factor vs. Reynolds number 
The curve of friction factor of with and without 
oled baffle against Reynolds number are showed in 
Fig er 
studi
In order to understand the augmentation 
tion criterion[13] is adopted to 
com
lt 
number and friction factor for norm
respe         
lues 
h
. 5. Over the range of the Reynolds numb
ed, the holed baffle can reduce the pressure drop 
of channel effectively related to the normal baffles. 
The reason about reduction of pressure can be 
attributed to that: one is a part of fluid across the hole 
directly, the other is that the effect surface of baffle 
become small. At the same time, when Reynolds 
number is more than 4000, the friction factor for B is 
higher than that for C, and that for C is greater than 
that for D again, greater the hole density, greater the 
friction factor. That is to say, the values of friction 
factor decreases with the increasing of hole density. 
For C and D, which hole density is equal, the friction 
factor of C is less than that of D. This is because that 
when fluid flow across hole, the local resistance of 
the big hole diameter may be smaller than that of the 
small hole diameter. For B and D, the friction factor 
of B is more than D, this indicates that the 
distributary effect of holes become weak when hole 
density is small, and lead to much greater pressure 
drop ultimately.  
 
5 HEAT TRANSFER PERFORMANCE 
EVALUATION 
integrated characteristic for holed baffles, the Webb 
performance evalua
pare the integrated characteristic of holed baffles 
under the same surface area and friction factor 
condition. The results of evaluation are showed in Fig. 
6, and the calculation equation is defined as: 
3/1
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Fig.  6 Performance analysis curves 
Under the same heat transfer surface area a
friction factor condition, the heat transfer rate is
in
of Reynolds number, the number C baf
he optimum performance, and its heat transfer 
rate can improve about 44%~69% compared to the 
results for the normal baffles. 
 
6  CONCLUSIONS  
Heat transfer enhancement and friction 
characteristics in a rectangu
w
experimentally. The curv
ber and friction factor against Reynolds number 
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are acquired. Webb performance evaluation criteria 
are adopted, main findings are as follows: 
flow over baffles of different heights[J]. 
Transactions of the ASME Journal of heat transfe
1) The holed baffle can enhance the heat transfer, 
For C baffle, its Nusselt number is 1.41~1.58 times 
that 
re drop increases with increasing the hole 
dens
perfo
orth to study 
deep
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for normal baffle. The Nusselt number can 
average improve 49 percent, when the Reynolds 
number is more than 10000, the Nusselt number can 
enhance 50 percent compared with normal baffle at 
least. 
2) When the Reynolds number exceed 4000, 
pressu
ity, greater hole density,higher the pressure drop. 
3) Based on the Webb criteria, at the range of 
Reynolds number, C# baffle give the best 
rmance, and its heat transfer rate is 1.44~1.69 
times than that for the normal baffles. 
In future work, the heat transfer augmentation 
mechanism for holed baffle is very w
ly. Representational holed baffle structure need 
to be presented. 
 
ACKNOWLED
fund of Henan Province （04110
S, SEM. 
 
REFERENC
[1
baffles[J]. Journ
106(11):743-749. 
S .V.  Pa t anka r,  C . H .LIU,  E .M.Spa r row. 
Fully-developed f
having streamwise –periodic variations of 
cross-sectional area1[J]. Transactions of ASME 
Journal of Heat Transfer, 1977, 99(5):180-187. 
Jun FuKar and Osamu Miyatake.  Laminar flow 
heat transfer within parallel-plate channel with 
staggered baffles[J]. Heat Transfer–Japanese 
Research, 1993, 22(2):171-183. 
M.A.Habib, A.M.Mobarak,M.A. Sallak etc. 
Experimental investigation of h
1994, 116 (5):363-368. 
ebb,B.W,and Ramadhyani,S. Conjugate heat 
ransfer in channel with st
 
International Journal of Heat and Mass Transfer, 
1985, 28(9):1679-1687. 
K.M.Kelkar, S.V.Partankar. Numerical prediction 
of flow and heat transfer 
with staggered fins[J]. Heat Transfer, 1987, 
109(2):25-30. 
M.Yilmaz. Effect of inlet flow baffles on hea
transfer[J]. Int. 
30(8):1169-1178. 
J.R.Lopez,N.K.Anand,and L.S.Fletcher. Hea
Transfer in a t
baffles. Numerical[J]. Heat Transfer Part A, 1996, 
30:189-205. 
ajendra Karwa, B.K. Maheshwari,  Nitin Karwa. 
Experimental
in an asymmetrically heated rectangular duct with 
perforated baffles[J]. International 
Communications in Heat and Mass Transfer, 2005, 
32: 275-284. 
Dutta S,  Dutta P， JONES RE,  Khan JA. 
Experimental st
Enhancement with Inclined Solid and Perforated 
Baffles[J]. Int. mech. Engi. Cong. And Expo., 
1997, 11: 16-21.  
rashanta Dutta, Sandip Dutta. Effect of baffle size, 
perforation, and 
transfer enhancement[J]. Int. J. Heat and Mass 
Transfer, 1998, 41(16):3005-3013. 
rashanta Dutta, Akram Hossain.  Internal cooling 
augmentation in rectangular chann
inclined baffles[J].  Int. J. of Heat and Fluid 
Flow, 2005, 26:223-232. 
ebb,R.L.. Performance evaluation criteria for use 
of enhanced heat tran
exchanger design[J]. Int. J. Heat Mass Transfer, 
1981, 24(4):715-726. 
ESL-IC-06-11-64 
Proceedings of the Sixth International Conference for Enhanced Building Operations, Shenzhen, China, November 6 - 9, 2006 
